To determine whether FOLFOX4 (infusional fluorouracil, leucovorin, and oxaliplatin) administered as palliative chemotherapy to patients with advanced hepatocellular carcinoma (HCC) provides a survival benefit and efficacy versus doxorubicin.
INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common cancer in Asia because of the high prevalence of its main etiologic agents: chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections. 1, 2 The annual incidence of HCC in China alone contributes to 55% of global HCC cases. 1 A large proportion of Asian patients with HCC present with locally advanced or metastatic disease, at which point they are ineligible for curative treatments. 3 Their prognosis is poor, with a median survival time of 3 to 4 months with supportive care. 4, 5 Consequently, there is a significant unmet medical need for treatments for advanced HCC, both in Asia and worldwide. HCC is known to be highly refractory to conventional systemic chemotherapy because of its heterogeneity and multiple etiologies. 6 Before the advent of the molecular-targeted agent sorafenib, 5, 7 which has subsequently become the standard of care, no standard systemic drug or treatment regimen had shown an obvious survival benefit in HCC. 8, 9 JOURNAL OF CLINICAL ONCOLOGY
O R I G I N A L R E P O R T
At the time this study was designed, sorafenib was still undergoing clinical studies and had not been approved for use, and no systemic chemotherapy regimen had been definitively recommended as the standard for treating HCC. Clinical activity of several regimens containing oxaliplatin (OXA) in advanced HCC had been demonstrated in phase II studies. 10, 11 In a phase II study of the FOLFOX4 (infusional fluorouracil [FU] ,leucovorin [LV] ,andOXA)regimeninChinesepatientswithHCC, median overall survival (OS) was 12.4 months, mean time to progression was 2.0 months, and the response rate (RR) was 18.2%.
12, 13 Together with the acceptable safety profile, these data warranted further investigation. Hence, the EACH (Oxaliplatin [Eloxatin] Plus FOLFOX4 Compared With Single-Agent Doxorubicin [Adriamycin] As Palliative Chemotherapy in Advanced Hepatocellular Carcinoma Patients) study was carried out to determine whether palliative chemotherapy with FOLFOX4, administered to patients with advanced HCC in Asia who were ineligible for curative resection or local treatment, could provide a survival benefit and greater efficacy compared with doxorubicin (DOX).
PATIENTS AND METHODS

Study Design
EACH was a prospective, international, multicenter, open-label, randomized, phase III study of FOLFOX4 versus DOX in patients with advanced HCC. Eligible patients enrolled by the investigators received a patient number and were randomly assigned to receive FOLFOX4 or DOX in a ratio of one to one. Random assignment, which was centralized, was generated by a statistician from the Virginia Contract Research Organization via an interactive voice randomization system. The study protocol was approved by the institutional review boards (IRBs) and/or independent ethics committees (IECs) of the participating institutions.
Patient Eligibility
Eligible patients were age 18 to 75 years; had histologically, cytologically, or clinically diagnosed unresectable HCC; and were ineligible for local invasive treatment. Clinically diagnosed patients had to have: (1) evidence of HBV or HCV with hepatic cirrhosis; (2) ␣-fetoprotein levels Ն 400 g/L; and (3) morphologic evidence of hypervascular liver tumor. Patients had to have at least one measurable lesion according to RECIST (version 1.0; Ն 2 cm on computed tomography [CT]; Ն 1 cm on spiral CT or magnetic resonance imaging).
14 Lesions that had undergone previous interventional or local therapy were not considered measurable lesions.
Previous treatment with chemotherapeutic agents or anticancer herbal treatments had to have been completed Ն 4 weeks before random assignment. Previous adjuvant chemotherapy had to have been completed Ͼ 12 months before random assignment.
Inclusion criteria were as follows: Karnofsky performance score Ն 70; life expectancy Ն 3 months; Barcelona Clinic liver cancer (BCLC) stage B or C disease; Child-Pugh stage A or B disease; and adequate organ and marrow function, with neutrophil count Ն 1.5 ϫ 10 9 /L, platelet count Ն 75 ϫ 10 9 /L, AST or ALT Ͻ 2.5ϫ upper limit of normal (ULN), total bilirubin Ͻ 1.5 ϫ ULN, international normalized ratio Ͻ 1.5, and normal baseline left ventricular ejection fraction Ն lower limit of normal for the institution. Patients with AST and ALT Ͻ 5ϫ ULN could be recruited if total bilirubin was in the normal range. Patients had to provide signed informed consent to participate.
Key exclusion criteria included: documented allergy to platinum compounds or other study drugs; any previous OXA or DOX treatment, except adjuvant treatment Ͼ 12 months before random assignment; previous liver transplantation; concomitant use of any other anticancer therapy, including interferon alfa and herbal medicine approved by the local authority to be used as anticancer medicine (except palliative radiotherapy to a nontarget lesion); CNS metastasis; and other serious illness or medical condition.
Treatment
Patients mg/m 2 IV bolus at hour 2, then 600 mg/m 2 over 22 hours on days 1 and 2, once every 2 weeks) or DOX (50 mg/m 2 IV, once every 3 weeks). Treatment was continued until disease progression, intolerable toxicity, or eligibility for surgical resection (ie, treatment phase). The follow-up phase began once a patient terminated the treatment phase.
Efficacy and Safety Analyses
Tumor evaluation via CT or magnetic resonance imaging scans using RECIST (version 1.0) was performed within 2 weeks before random assignment, every 6 weeks Ϯ 1 week during the study treatment phase, and every 2 months Ϯ 1 week during the follow-up phase at the patients' respective medical centers. All objective responses had to be confirmed via the same imaging method at least 4 weeks after their first observation. Physical, clinical, and laboratory examinations were performed at baseline, at the start of each chemotherapy cycle during the treatment phase, and at follow-up visits every 2 months. Patients were monitored for cardiac toxicity associated with DOX via ultracardiosonography and ECGs at baseline and as clinically indicated.
The primary end point was an intent-to-treat (ITT) analysis of OS with FOLFOX4 compared with single-agent DOX. OS was defined as the interval between the date of random assignment and date of death. Secondary end points included the efficacy of the two treatments with regard to progressionfree survival (PFS; defined as the interval between random assignment and progression or death resulting from any cause), RR (according to RECIST 1.0), and secondary resection rate. Disease control rate (DCR) was also evaluated.
All randomly assigned patients were included in the ITT analysis of efficacy. Patients who were evaluable for safety had to have received at least one dose of study medication. Patients were observed every 2 months until death or until their final follow-up visit.
Prespecified interim analyses were carried out after 85 and 166 events (deaths) were observed. The prespecified final analysis was conducted on May 31, 2009, after 266 events had occurred (death event rate of approximately 71% of the final 371 patient cases). To further evaluate and confirm the reliability and robustness of the trend observed at the prespecified analysis using more matured OS data, the IRBs and IECs suggested that patients be continuously monitored via routine survival follow-up visits according to a schedule similar to that planned in the protocol. It was also suggested that one additional post hoc analysis (ie, follow-up analysis) be conducted after additional sufficient death events had occurred. Before conducting any post hoc analysis as suggested by the IRBs and IECs, the sponsor prospectively decided, based on the estimated event rate of progress, that the data cutoff date for this additional post hoc analysis should occur approximately 7 months after the final analysis, after 80% of events had occurred. The post hoc analysis was therefore conducted on December 31, 2009, after 305 events had occurred (death event rate of 82% of the final 371 patient cases). Presented here are the efficacy data from the prespecified final and post hoc follow-up analyses and the safety data from the prespecified final analysis.
Statistical Analyses
The efficacy parameters of OS and PFS were compared between the two treatment arms in the ITT population using a stratified log-rank test procedure at overall 5% significance level. Stratification factors were patients' countries, BCLC stage, and disease status, as specified at the time of random assignment. The survival curves were estimated using the Kaplan-Meier method. Medians and corresponding 95% CIs were also provided by treatment arm. Significance levels were calculated using a group sequential approach, with efficacy boundaries based on an O'Brien-Fleming alpha spending function that took into account two interim analyses of OS.
RR was compared between the two treatments using the CochranMantel-Haenszel test stratified by country, BCLC stage, and disease status at the time of random assignment. RR, DCR, and secondary resection rates were also compared between the two treatment arms using the 2 test or Fisher's exact test.
For analysis of safety data, adverse events (AEs), hematologic toxicity, general physical examinations, special examinations, and laboratory data were described and analyzed for the safety population. The sample size was calculated as follows: when the sample size in each group was at least 200, or the total number of events was Ͼ 249, a 5% significance level two-sided log-rank test for equality of survival curves had an 80% power to detect the difference between 43% OS with FOLFOX4 and 30% OS with DOX at 1 year, with a constant hazard ratio (HR) of 0.70.
RESULTS
Patient Characteristics and Treatment
Between (ITT population; Fig 1) . Seventy percent of patients were recruited in mainland China, 5% in Taiwan, 14% in Korea, and 11% in Thailand (Appendix Table A1 , online only). Of these, 14 patients did not take the study medication (FOLFOX4, n ϭ 1; DOX, n ϭ 13) and were therefore excluded from the safety analysis. The last patient's final follow-up visit took place on May 14, 2011.
Patient demographics and baseline disease characteristics were well matched between the study groups ( Table 1 ). The most common prior local therapy was transarterial chemoembolization (TACE), and the mean number of cycles (Ϯ standard deviation [SD]) of TACE/ transarterial embolization received was 2.77 Ϯ 2.20 cycles in the FOL-FOX4 arm and 3.46 Ϯ 2.78 cycles in the DOX arm (P ϭ .11).
The median number of treatment cycles received was four (range, one to 18 cycles) for FOLFOX4 and two (range, one to 14 cycles) for DOX. The average percentage of projected dose-intensity (Ϯ SD) was 84.89% Ϯ 11.94% and 93.01% Ϯ 8.46% in the FOLFOX4 and DOX arms, respectively.
Efficacy
At both the first and second interim analyses, the median OS was greater with FOLFOX4 than with DOX (Figs 2A and 2B ; P ϭ .01; HR, 0.56; 95% CI, 0.35 to 0.89; and P ϭ .02; HR, 0.69; 95% CI, 0.50 to 0.94, respectively). At the prespecified final analysis, the median OS in the ITT population was 6.40 months with FOLFOX4 (95% CI, 5.30 to 7.03) compared with 4.97 months with DOX (95% CI, 4.23 to 6.03). A trend toward increased survival with FOLFOX4 was observed (Fig 2C; The median PFS in the ITT population at the prespecified final analysis was 2.93 months (95% CI, 2.43 to 3.53) with FOLFOX4, which was longer than that with DOX (1.77 months; 95% CI, 1.63 to 2.30; P Ͻ .001; HR, 0.62; 95% CI, 0.49 to 0.79; Fig 3A) . The statistically significant improvement in median PFS with FOLFOX4 was maintained at the follow-up analysis (Fig 3B; P Ͻ .001; HR, 0.68; 95% CI, 0.54 to 0.85).
The RR and DCR observed in the FOLFOX4 arm at the prespecified final analysis were greater than those observed with DOX (Table 2 ; P ϭ .02 and P Ͻ .001, respectively); these improved RRs in the FOLFOX4 arm were consistently maintained at the follow-up analysis (Table 2) . Only one patient (in the FOLFOX4 arm) underwent secondary resection.
Safety
No statistically significant differences between treatments was seen for the overall number of patients who reported AEs, the number of patients reporting AEs of grade Ն 3 severity, serious AEs, deaths, or discontinuations ( Table 3 ). The most common treatment-related nonhematologic AEs reported in the FOLFOX4 study arm were nausea, AST elevation, and anorexia (Table 3) , whereas alopecia, AST elevation, and nausea were the AEs most commonly reported in the DOX arm. No differences in cardiac toxicity were observed between the two treatment arms. ␣-fetoprotein levels changed from normal to 
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DISCUSSION
To our knowledge, the EACH study is the first large, international, multicenter phase III study of systemic chemotherapy and of the FOLFOX4 regimen in advanced HCC. Although the primary end point of OS benefit with FOLFOX4 did not reach statistical significance at the prespecified end point, FOLFOX4 showed increased OS compared with DOX throughout the study; this was maintained on continued follow-up 7 months later. Efficacy was demonstrated at the prespecified final analysis, when FOLFOX4 treatment was associated with increased median PFS, RR, and DCR versus DOX; these statistically significant efficacy outcomes with FOLFOX4 were also maintained at follow-up. Hence, FOLFOX4 may offer some clinical benefit to patients with advanced, inoperable HCC, although an OS benefit could not be concluded from these data.
Toxicity in this study was consistent with previous experience with FOLFOX4 for metastatic colorectal cancer in Asian 12,15 and Western 16 patients. Although high toxicity was previously reported with a regimen of floxuridine, leucovorin, DOX, and cisplatin in patients with HBV and HCV, 17 the proportions of AEs reported at grade 3 to 4 severity in this study were similar between treatments, despite the high proportion of patients (Ͼ 90%) who had hepatitis; AEs could be well managed.
The open-label design was a study limitation, but it was unavoidable because the regimens had different appearances and were administered differently, and it was felt to be unethical to subject the patients to the additional dummy IV infusions and extra hospital visits that would have been required for a blinded protocol. At the time this study was designed, DOX had become a default standard of treatment, and sorafenib was not yet available. Furthermore, DOX had served as a control agent for several comparative trials of single agents and combination regimens.
18-21 Therefore, it seemed reasonable to use DOX as the control agent for this study. Clinical studies with single-agent DOX have involved dosages of 40 to 75 mg/m 2 . 22,23 The subtherapeutic dose of 50 mg/m 2 every 3 weeks was chosen for safety reasons, because Asian patients with advanced HCC frequently have HBV and liver cirrhosis with impaired liver function, and DOX toxicity can be high; a drug-related mortality rate of 25% was reported with doses of DOX 60 to 75 mg/m 2 in Asian patients. 23 Another Asian study, published shortly before the EACH study was designed, showed a drug-related mortality rate of 3% in those treated with DOX 60 mg/m 2 .
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Another study limitation was that statistical significance was not achieved for the primary end point (ie, OS) at the prespecified final analysis. However, compared with DOX, increased OS was observed with FOLFOX4 at all analysis time points throughout the study, including the post hoc follow-up analysis conducted 7 months after the prespecified end point. Moreover, prespecified subgroup analyses showed that statistically significant OS benefits with FOLFOX4 were achieved in those with metastatic disease (data not shown; P ϭ .03); chemotherapy is generally less effective in localized HCC. 24 A third limitation was that the RR was determined from CT scans by the investigators rather than by central review, and radiologists were not blinded to patients' treatment.
In 2007, sorafenib was the first systemic therapy to prolong survival in patients with advanced HCC, 7 and it has subsequently become the new reference standard for systemic treatment of patients with advanced HCC. However, in pivotal phase III studies, the survival benefits of sorafenib were more modest in Asian 5 than in Western 7 patients, and the objective RRs were low (2% to 3%), with no complete responses observed. When the OS data of the EACH study are viewed in comparison with those of the SHARP (Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol) 7 and the Asia Pacific 5 studies of sorafenib, it should be taken into account that the EACH study patients were more heavily pretreated at baseline, and a greater proportion had poor prognostic factors. In the EACH study, 25% of patients had received prior chemotherapy versus Ͻ 1% in SHARP, and 36% had received a mean of three TACE cycles versus 29% in SHARP (number of cycles was not specified). Pretreatment was not described for the Asia Pacific sorafenib study, 5 but in the EACH study, more patients had HBV (91% v 73% in the Asia Pacific study), and fewer were Child-Pugh A (88% v 97%). In a retrospective comparison of sorafenib versus cytotoxic chemotherapy in Korean patients with advanced HCC, the efficacy of conventional chemotherapy was not inferior to that of sorafenib. 25 A phase II study in a HBV-endemic Asian population showed that patients with extrahepatic disease were significantly less likely to benefit from single-agent sorafenib. 26 By contrast, in the EACH study, statistically significant survival benefits were seen with FOLFOX4 in patients who had metastatic disease.
The tolerability of sorafenib in Asian patients may also be of concern because of the high incidence of hand-foot-skin reaction; all-grade events have been reported in 21% to 73% of Asian patients. 5, [27] [28] [29] [30] An increased risk of all-grade bleeding events compared with placebo or control was also reported in a meta-analysis of sorafenib and sunitinib clinical studies in HCC. 31 Although sorafenib has been approved for the treatment of advanced HCC, it is not yet widely used in Asia, mainly because of cost, and lower doses are often used to improve tolerability. 28 Nevertheless, because HCC is a heterogeneous disease with complex molecular and genetic pathogeneses, and so many key carcinogenic pathways play pivotal roles in its development and metastasis, future treatment options will most likely involve a regimen that combines a molecular-targeted therapy, like sorafenib, with systemic chemotherapy like OXA. A phase II study of sorafenib combined with OXA and capecitabine (SECOX) in Hong Kong patients with advanced HCC showed promising results: median TTP was 7.1 months, and median OS was 10.2 months, although 73% of patients reported hand-foot-skin reaction. 30 In conclusion, patients with advanced HCC have a poor prognosis, with a median survival time of 6 to 9 months in Western countries and only 3 to 4 months with supportive care in East Asian countries. 5, 28 These differences in survival are attributable to regional differences between etiologic factors, staging, clinical manifestation, and management strategy. 3, 24, 28 Because of the limited efficacy, expense, and unresolved issues regarding the optimal use of sorafenib in Asians, and because the majority of advanced HCC cases are seen in these populations, there remains a substantial unmet need for moreeffective treatment options. Although this study did not meet its primary end point, and an OS benefit cannot be concluded from these data, the data presented here do show that FOLFOX4 may confer some benefit to Asian patients with advanced, inoperable HCC and may provide another useful treatment option. The observed absolute increase in OS of 1.47 months with FOLFOX4 was not insignificant in Asian patients whose prognosis for survival was only 3 to 4 months. The findings from this study, along with the body of evidence supporting OXA use, has led to FOLFOX4 being included in the Chinese national clinical practice guidelines for treatment of primary liver cancer as one of the systemic chemotherapy options for advanced HCC. 
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